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[57] . ABSTRACT

A fastening device including sleeves (2, 6) for absorbing
forces, and a rotor blade (10) equipped with such a
device for fastening to a hub (23). The device comprises
an inner metallic sleeve (2) having a cylindrical central
bore (4) and having a frusto-conical outer lateral face
which is pressed coaxially and is affixed in the frusto-
conical inner bore of an outer sleeve (6) provided with
a slot (9) along one of its generatrices, and fitted into a
recess delimited in the blade root (10) by a loop (12a)
formed of bands (21) of rovings of the spar of the blade.
The fitting of the two sleeves into one another involves
a deformation by radial expansion of the outer sleeve
(6), which adapts itself to the diameter of the recess
provided in the composite materials of the blade root.
The invention applies to helicopter rotor blades.

8 Claims, 1 Drawing Sheet
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FASTENING DEVICE INCLUDING SLEEVES, AND
ROTOR BLADE EQUIPPED WITH SUCH A
DEVICE FOR FASTENING TO A HUB

FIELD OF THE INVENTION

The present invention relates to a fastening device
including metallic sleeves for absorbing forces, the
sleeves being inserted into composite structures, and
especially composite structures having a fiber reinforce-
ment which is embedded in a matrix of synthetic mate-
rial, and having at least one bore for accommodating
the sleeves, which are themselves intended to be tra-
versed by an axle for holding the corresponding com-
posite structure on a support, in order to ensure a me-
chanical linkage which, when it is subjected to forces of
‘traction-compression of the structure in relation to the

support, permits the absorption of these forces in the

form of radial forces taken up by the sleeves.

More specifically, the invention relates to such a
device including sleeves which is intended for fastening,
onto a support, an element which is essentially con-
structed of composite materials, and comprising at least
one bundle of continuous, mineral and/or organic fila-
ments having high mechanical strength and agglomer-
ated by a polymerized synthetic resin, which forms at
least one loop and is intended to be subjected to at least

large traction loads, the metallic sleeves of the device

being accommodated in an individual loop and being

traversed by an axle for holding of the support.
In particular, such devices including sleeves can be

used for the fastening of rotor blades, especially of aero-

2

system for absorbing forces of a bore of a composite
filamentary element which is to be connected to a sup-
port by a mechanical connecting axle traversing the
ring system and subjected to large radial forces, the
fastening device including metallic sleeves according to
the invention will be described exclusively in its appli-
cation to the connection of the rotor blades of rotor
aircraft to the hub or to a component for connection to

~ the corresponding hub, when the blades are constructed
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dynes having an at least partially rotating wing system,

such as helicopters, onto the hub of a rotor or onto a
component such as an armature, strap or a ferrule for
connection to the hub, when each blade is essentially
constructed of composite materials and has a resistant
frame which comprises at least one spar comprising at
least one bundle or hank of continuous mineral or or-
ganic filaments having a high mechanical strength and

agglomerated by a polymerized synthetic resin, and

which forms, in the root of the spar by which the blade

is intended to be fastened to the hub or to the compo-
nent for connection to the hub of the rotor, at least one
loop in which there is accommodated and integrally
mounted an inner ring system, consisting of metallic
sleeves for absorbing forces and traversed by an axle for
holding onto the hub or onto the component for con-

nection to the latter.

BACKGROUND OF THE INVENTION

. In such blades, it is known that the bundle of continu-
ous filaments may advantageously be constructed in the
form of a plurality of bands attached and agglomerated
to one another, of unidirectional and longitudinal rov-
ings (i.e., which extend along the longitudinal axis or
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the span of the blade), which are agglomerated by a -

thermosetting and polymerized impregnation synthetic
resin, and which are wound around the sleeves in such
a manner as to constitute a fastening loop.

The fastening device including sleeves according to
the invention can be used in a general way in the field of
construction, and especially of aeronautical construc-
tion, in order to ensure the connection, to a support, of
a composite filamentary component, subjected to very
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large traction loads and in which the sleeves are inte- -

grated, by means of an axle or of an arbor traversing the

sleeves. In other words, to construct the inner ring

of composite material and when their roots have at least
one loop formed by a winding of rovings. In this field of
application the fastening device according to the inven-
tion appears to provide the greatest benefit, by reason of
the magnitude of the traction centrifugal force which
urges the fastening of each blade in rotation onto the
hub and which ranges from 10,000 to 40,000 dalN for
current helicopters, depending upon their size.

In order to connect the root of such a helicopter rotor
blade to its hub, by attaching it, for example, to a rigid

support strap exhibited either directly by the hub or by

an armature shaped in the form of a double strap or
ferrule for connection to the hub, use has already been
made of fastening sleeves of biconical external shape, -
and each traversed axially by a cylindrical bore for
accommodating the retaining arbor or axle. The advan-
tages of these biconical sleeves were, on the one hand,
that of facilitating the closure on one another of the
upper surface and lower surface half-molds cooperating
and assembled to constitute a mold for polymerization
of the blade constructed of composite material in the
course of its production and, on the other hand, that of
permitting a definitive capture of each biconical sleeve
in the corresponding blade root to be obtained. As long
as the rovings forming the loop of the blade root were
placed in position individually and successively in the
mold, it was possible to smooth them by hand one by
one, in order to compensate, little by little, for the dif-
ferences in length over the rovings joined at the biconi-
cal outer surface of the sleeves. However, following the
appearance and the development of the techniques of
utilizing rovings in a hank and of mechanical windings
of rovings in the form of bands, capable of forming the
hanks, it was no longer possible to maintain on the
sleeves winding surfaces of conical form; the led to .
having rovings tight on an edge of a band (on the side of
the large base of a conic section) and corrugated on the
other edge of the band (on the side of the small base of
the same conic portion). Moreover, the bands of rov-
ings naturally had a tendency to escape from the periph-
ery of the conic portions, progressively as the thickness
of the stack of bands increased. These major disadvan-
tages made it necessary to abandon the biconical
sleeves, and led to the use of cylindrical sleeves.
Numerous examples of connection of helicopter
blades to the corresponding rotor hubs by means of
metallic and cylindrical sleeves for absorbing forces

have already been proposed.
In French Pat. No. 1,544,344, which relates to a de-

vice for anchoring an element constructed of synthetic
material reinforced with glass fibers and terminated by
a loop, such as a rotor blade, the root of which is formed
by the loop, in a metallic armature formed of two half-
shells which entirely captively retain the loop, the latter
is formed by means of hanks of rovings extending as far
as the spar or the end of the blade, and surrounds a
cylindrical sleeve which is embedded in the armature,



3 .
and which is traversed by an axle for fixing to the hub

of the rotor.-

A contact layer, for example of fluorocarbon resin,

exhibiting a high degree of resistance to shocks and to
compression, a low coefficient of friction, and therefore
good anti-adhesive properties and a good resistance to
wear is spread, in order to reduce friction effects, be-
tween, on the one hand, the composite loop and, on the
other hand, the metallic armature and the sleeve, mn
order to avoid the development of corrosion by friction
and damage to the blade root by permitting free defor-
mations of the blade root and of the armature indepen-
dently of one another, depending upon their own elas-
ticity modulus. In this construction, affixing is therefore
avoided between the loop and the sleeve, but the reten-
tion of the loop is ensured by cooperation with the
sleeve and the armature which completely envelops the
loop. | -
French Pat. No. 1,581,324 discloses a rotor blade
constructed of plastic material reinforced with fibers in
the form of rovings which are longitudinal in relation to
the axis of the blade, the rovings being impregnated
with synthetic resin and disposed in loops in the blade
root which is fixed to the hub of the rotor by bolts

passing through the loops. The rovings are disposed in

two hanks side by side in the drag plane, and each one
of them forms, at the root of the blades, a loop or a pair
of superposed loops, the two loops or pairs of loops
being enveloped in a case consisting of a lower half and
an upper half, which each comprise a ferrule projecting
internally as far as half the height of the root of the

blades, and which is engaged in .each loop or pair of

loops. Thus, the rovings of each loop or pair of loops
pass around a cylindrical sleeve formed by the superpo-
sition or the alignment, in their axial extension, of two
identical and coaxial, cylindrical ferrules traversed by
the bolts for fixing to the hub.

French Pat. No. 2,004,934 likewise proposes, in order
to connect a blade root to an armature for connection to
a hub, cylindrical sleeves embedded in a core con-

structed of plastic material, of the blade spar and sur-

rounded by fabrics or nappes of glass fibers encased in
polymerized synthetic resin. |
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In this patent, which relates to the components con-
structed of plastic material reinforced with fibers and
subjected to high loadings, each sleeve projects in rela-
tion to the end surface of the component, and the pro-

5 jecting part of the sleeve has a throat in which the fibers
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are wound. Furthermore, the loop surrounding the
projecting part of the corresponding sleeve thins down
to a thin disk, from the corresponding sleeve to the edge
of the composite element, in such a manner that the high
loads acting on the component are transmitted, without
local concentration of stress, by a large surface to a
connecting arbor traversing the sleeves. The rovings
wound round are attached to the sleeves, but do not
belong to the components, in such a manner that, if the
latter comprises a filamentary structure, the rovings of
the loops are not in any circumstances mixed with the
filaments of the structure of the component. In fact, the
connecting elements may be constructed in the form of
prefabricated elements, each comprising sleeves with
their winding and equipped with an internal ferrule, the

- assembly being prepared with the aid of a special tool-

23
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French Pat. No. 2,252,916 proposes, for the fastening 45

of a blade root to a hub, an armature comprising a cylin-
drical sleeve equipped with an inner ring traversed by
an arbor, the sleeve being integral with a cross-shaped
tapered extension, in the form of a plate perpendicular
to the sleeve at its center, and exhibiting ribs perpendic-
ular to the plate and integral with the latter, on the side
of the current part of the blade. This tapered and cross-
shaped plate separates the hank of rovings forming the
loop and which surrounds the sleeve into four. parts
separated from the sleeve and from the wings of the
cross-shaped plate by laminated inserts of glass fabrics
impregnated with resin to promote adherence and resis-
tance to shear, filling elements being moreover pro-
vided in the voids delimited between the sleeve, the
plate and the various parts of the hank, on the side of the
current part of the blade.

French Pat. No. 2,327,858 describes a connecting
element for the distributed transmission of forces i a
component, the element comprising two sleeves which
are coaxial and in axial alignment, each surrounded by a
loop formed by a particulLar winding with one-half of a
bundle of rovings of fibers impregnated with synthetic
resin.
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ing comprising a winding blank in rotation.

French Pat. No. 2,350,541 proposes a connection of a
blade root constructed of composite material to a hub
strap by bores formed in the blade root and traversed by
fixing bolts, each bore being delimited by two cylindri-
cal metallic sleeves which are in axial alignment and
fixed by an elastic connecting component in an individ-
ual hole formed in the blade root. The internal ends of
the two sleeves are separated from one another by a
ring which is elastic and in contact with the latter, while
the outer ends of the sleeves are in the planes of the
opposite faces of the blade root, the two sleeves being
coaxial and preferably identical.

French Pat. No. 2,390,331 describes a principal joint
of a carrying wing system constructed of composite
material having a matrix constructed of plastic material
reinforced with fibers, for aircraft, the joint comprising
a metallic shell exhibiting a central bore traversed by a
principal articulation sleeve, and bordered on one side
by a plurality of recesses in the form of niches in a
circular arc, which are substantially concentric and
divergent at their ends, to accommodate traction loops
consisting of rovings. On the other side of the bore, the
latter is bordered by a conical and composite compres-
sion body, between the branches of the loops proceed-
ing out of the niches, said loops accommodated in the
niches being incorporated in the structure of the wing
system.

Moreover, it has likewise already been proposed, by
U.S. Pat. No. 4,251,309, to connect the root of a blade to
the hub of a rotor by four end loops, formed by compos-
ite bands and disposed in two pairs, symmetrical in
relation to the flapping plane, of superposed and coaxial
loops, a cylindrical and composite sleeve being engaged
in each pair of loops, and an end cap being driven onto
each sleeve portion accommodated in a loop. | |

Apart from the all-composite construction in this
U.S. patent, and which has as a disadvantage that of
multiplying the number of fastenings and thus of mak-
ing the blade root very voluminous, all the other known
constructions including cylindrical metallic sleeves ex-
hibit a major and common disadvantage, which 1s added
to the disadvantages specific to each construction, such
as the presence of an elastic ring against which are
applied the ends internal to the blade root of the two
sleeves in French Pat. No. 2,350,541, the need to pro-
vide peripheral throats in the part of each of the two
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sleeves which projects in relation to the component to
be attached in French Pat. No. 2,327,858, the construc-
tion of a single piece of the sleeve with a tapered and
cross-shaped plate or with a shell exhibiting recesses in
the form of niches in a circular arc, in French Pat. Nos.
2,252,916 and 2,390,331, respectively, and finally the
cooperation of the metallic cylindrical sleeve or sleeves
with a metallic armature or with a case consisting re-
spectively of two half-shells or of a lower half and of an

upper half completely enveloping the loop of the blade

root, in French Pat. Nos. 1,544,344 and 1,581,324, re-

spectively.

However, the principal disadvantage which is exhib-
ited by all the constructions comprising metallic cylin-
drical sleeves arises from the fact that the sleeves used
are constructed of steel and have a coefficient of ther-
mal expansion very much greater than that of the com-
posite materials which surround them. In molding, at a
temperature which may, for example, be of the order of
120° C., the metallic sleeves expand, especially radially,
and the portion of the bundle of composite rovings
which surrounds them at least partially is polymerized
at the greater diameter of the expanded sleeves. On
cooling, the sleeves contract, especially radially, in such
a manner that a radial play is formed between the
sleeves and the composite material which surrounds
them; under the effect of the high stresses on the blade
root (centrifugal force and alternating torques), this
involves jarring of each sleeve in its laminated bore, and
rapid damaging of the fastening. Furthermore, in the
constructions in which the rovings are affixed around
the sleeves by a film of adhesive, the contraction on
cooling of a sleeve creates a tearing-off on the periph-
ery, of the corresponding film of adhesive, and this
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possible to demonstrate initially an infinite service life
with correctly affixed sleeves.

SUMMARY OF THE INVENTION

By the present invention, it is proposed to improve
the fatigue properties of the blade roots constructed of
composite material by avoiding, essentially, the radial
play of the cylindrical and metallic sleeves for absorb-
ing the forces, in relation to the winding of the rovings
constituting the end of the spar and, possibly in addi-
tion, the risk of separation of these sleeves in relation to

‘this winding. In order to achieve this improvement, the

present invention proposes to replace each sleeve or
pair of metallic and cylindrical sleeves, possibly sepa-
rated by an elastic ring, of the prior art by a fastening
device including metallic sleeves for absorbing forces,
of the type comprising two coaxial sleeves intended to
be accommodated in an individual loop and traversed
by an axle for holding onto the support, and which is
defined in that one of the two sleeves is an inner sleeve
having a cylindrical internal bore for the passage and
support of the retaining axle, and a frusto-conical outer
lateral face, and the other sleeve is an outer sleeve,
slotted from one end to the other of its axial ends, and
having a cylindrical outer lateral face, intended to be
made integral with the element constructed of compos-
ite materials in the loop of which the outer sleeve 1s
fitted, and a frusto-conical inner bore, of a shape com-
plementary to that of the frusto-conical outer iateral
face of the inner sleeve, which is intended to be pressed

- axially into the outer sleeve and made integral with the

tearing-off, while not completely rupturing this film of 35

adhesive, does however initiate zones of separation. In
this case, under the effect of the strong stresses on the

blade root, as well as of the ageing by penetration of

humidity into the initial separation sites, the film of
adhesive deteriorates rapidly until there is total disinte-
gration of the sleeve and of the blade root. In use, a
separated sleeve is the cause of various instances of
damage, especially the ovalization of the laminated

40

elements which surround it; this makes it necessary to

undertake a repair with a sleeve mounted with more
play, further limiting the performance of such a repair.
In the constructions with rovings affixed around the
sleeves, another cause of the poor adhesion of the sleeve
in the corresponding laminated bore results from a very
weak pressure applying the film of adhesive against the
sleeve, this resulting from the fact that the polymeriza-
tion takes place in a mold which 1s closed and non-
deformable and with laminated materials impregnated
with liquid resin in the course of the polymerization.
In consequence, the principal disadvantage of the
known fastening devices including cylindrical metallic
sleeves is that the service life of the fastening is reduced
to a large extent in service as a result of the radial play
resulting from the differential expansions between the
sleeves end part and the composite material which sur-
rounds them, in the course of the polymerization. Fur-
thermore, in the constructions including rovings affixed
around the sleeves, the separation of the latter involves
a still greater reduction of the service life of the fasten-
ing. Trials with a separated sleeve on tail rotor blades
constructed of composite material have demonstrated
the very marked influence of this reduction of the ser-
vice life of the fastening on blades on which it had been
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latter in an axial position corresponding to a predeter-

mined deformation in radial expansion of the outer
sleeve. In such a fastening device, the outer sleeve, on
the one hand, deforms slightly in radial expansion under
the action of the inner sleeve, and thus adapts itself to
the exact diameter of the cylindrical recess formed in
the composite materials which surround it and, on the
other hand, can be made integral with these composite
materials by an affixing which is of excellent quality.

In a simple embodiment, the outer sleeve has only one
slot, which extends substantially along one of its genera-
trices.

Advantageously, in order to facilitate the assembly,
under good conditions, of an element equipped with
such a fastening device including sleeves in a supporting
strap, the two sleeves of the device have substantially
the same axial dimension, which is slightly greater than
the thickness of the element constructed of composite
material, at the location of the corresponding loop.

Advantageously, in order to maintain the zone of the
loop in prestress, to promote the mechanical blocking of
the device including sleeves in the recess and to im-
prove the fatigue properties of the assembly, the two
sleeves are intended to be made integral with one an-
other by affixing of the inner sleeve in the outer sleeve
in radial expansion. |

The object of the invention is likewise a rotor blade,

~ especially for an aerodyne having an at least partially

65

rotating wing system, such as a helicopter, the blade
being of the type essentially constructed of composite
materials and having a resistant frame which comprises
at least one spar comprising at least one bundle of con-
tinuous mineral and/or organic filaments having high
mechanical strength and agglomerated by a polymer-
ized synthetic resin, and which forms, in the root of the
spar by which the blade is intended to be fastened to the
hub or to a component for connection to the hub of the
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rotor, at least one loop in which there is accommodated
and made into an integral unit an inner ring system
consisting of two coaxial metallic sleeves for absorbing
forces, and traversed by an axle for fixing to the hub or
to the component for connection to the latter, the blade 35
according to the invention being defined in that the two
coaxial sleeves belong to a fastening device including
metallic sleeves for absorbing forces, of the type spe-
cific to the invention and as presented hereinabove.

In such a blade, it is advantageous that the two
sleeves of the fastening device are integral with one
another by affixing of the inner sleeve in the outer
sleeve. Furthermore, the two sleeves are advanta-
geously integral with one another in a relative axial
position such that the axial end faces of the two sleeves
are substantially coplanar and project in relation to the
opposite faces of the root of the spar, at the location of
the corresponding loop, in such a manner as to form
bearing faces against assembly pieces on the hub or on
the component for connection to the hub. By such a
cooperation of the inner and outer sleeves of the device,
the outer sleeve may advantageously be made integral,

" by its cylindrical outer lateral face, with the composite
structure of the root of the spar, by an affixing of excel-
lent quality.

In order to protect the filaments of the bundle sur-
rounding the outer sleeve, in relation to this outer
sleeve, it is advantageous, furthermore, that the part of
the cylindrical outer lateral face of this outer sleeve
-extending between two annular parts of this face which 30
are adjacent the axial ends of this outer sleeve be at least
partially integral with the opposite part of the bundle of
filaments in its portion surrounding the outer sleeve, by
means of a protection affixed both to the outer sleeve
and to the bundle of filaments.

In a preferred embodiment, lending itself to an auto-
mated and simplified production process, the bundle of
filaments is formed of a plurality of bands of unidirec-
tional rovings agglomerated by an impregnation syn-
thetic resin, the bands being attached and agglomerated
to one another by the polymerized impregnation resin
which ensures at the same time the affixing of the at-
tached bands onto the protection in the part of the cor-
responding loop which surrounds the outer sleeve.

Furthermore, in the blade structures constructed of 45
composite material, the root of which comprises at least
one filling core, in general constructed of a light alveo-
lar synthetic material, disposed between the two
branches of the bundle of filaments forming a fastening
loop and which extend the part of this bundle surround-
ing a sleeve for absorbing forces, it is advantageous that,
according to the invention, the part of the cylindrical
outer lateral face of the outer sleeve extending between
two annular parts of this face which are adjacent the
axial ends of this outer sleeve should be at least partially
made integral with such a filling core between the two
branches extending the part of the bundle surrounding
the outer sleeve.

In this case, it is advantageous that the formation of
an integral unit with the filling core should be ensured 60
by means of a protection affixed both to the outer sleeve
and to said filling core.

In a very simple embodiment, said protection is annu-
lar and comprises at least one layer of fabric of mineral
and/or organic fibers having high mechanical strength,
which is wound around the outer sleeve and agglomer-
ated by a polymerized impregnation synthetic resin
ensuring at the same time the affixing of the protection
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to the outer sleeve and to the bundle of filaments, as
well as, where appropriate, to the filling core.-

In order to reinforce further the formation of an inte-
gral unit between the outer sleeve of the fastening de-
vice and the composite structure of the blade root, each
one of the two annular parts of the cylindrical outer
lateral face of the outer sleeve which are adjacent the
axial ends of this outer sleeve is directly affixed by a
polymerized synthetic resin to a covering surrounding
at least the root of the spar and consisting of at least two
layers, preferably crossed and inclined at substantially
45° in relation to the longitudinal direction of the spar,

‘of fabrics of fibers which are impregnated and rigidified

by said polymerized resin.
BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be better understood,
an embodiment of the invention will now be described
with reference to the accompanying drawings, In
which:

FIG. 1 is a diagrammatic exploded perspective view

of the two sleeves of the device which are intended to
‘equip one of the two loops for fastening a blade root

constructed of composite material, and

FIG. 2 is an axial cross-sectional view of a fastening
device including two sleeves according to FIG. 1,
equipping one of the two loops of the blade root, like-
wise according to FIG. 1, and mounted in a strap of a
support which can be either directly the hub or an inter-
mediate component for connection to the latter, .for
example an armature in the form of a double strap con-
nected on one side to the blade and on the other to the

hub, or alternatively a ferrule.

DESCRIPTION OF PREFERRED EMBODIMENT

Referring to FIGS. 1 and 2, the fastening device 1,
including sleeves for absorbing forces, comprises an
inner metallic sleeve 2, constructed of preferably stain-
less steel, and having the shape of a frustrum of a cone
traversed axially, from one to the other of its bases or
plane axial end faces perpendicular to its axis A (and of
which only the large base or upper end plane face 3 1s
visible in FIG. 1), by a bore delimited by a cylindrical
inner surface 4 of circular cross-section. The fastening
device 1 likewise comprises an outer sleeve 6, likewise
constructed of preferably stainless steel, but in the form
of a section of a cylinder of circular cross-section, 1.e.,
having a cylindrical outer lateral face 8. This outer
sleeve 6 is likewise traversed axially, from one to the
other of its plane axial end faces perpendicular to its axis
A, by a bore, but the latter is delimited by a frusto-coni-
cal inner surface 7, in accordance with the frusto-coni-
cal outer lateral face 5 of the inner sleeve 2, with which
it cooperates in the course of the coaxial pressing of the
inner sleeve 2 into the inner frusto-conical bore of the
outer sleeve 6. The outer sleeve 6 is furthermore a
sleeve slotted axially by a single slot 9 extending from
one to the other of its axial end faces and along one of
its generatrices, in such a manner that the outer sleeve 6
can deform in radial expansion by the axial pressing of
the inner sleeve 2 into the outer sleeve 6.

As represented in FIG. 1, a fastening device 1, con-
sisting of the two sleeves 2 and 6, is intended to be
mounted in each one of the two cylindrical recesses 11a
and 115, of parallel axes, each delimited in the root 10 of
a helicopter rotor blade constructed of composite mate-
rials, by a loop 1242 or 125 formed by a bundle of rovings
13z and 13b emanating from a spar of the blade, and by
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a filling core 14a or 145, substantially in the form of an
angle, disposed between the two branches 154 and 164
or 156 and 16b, respectively, of the bundle 13a or 13b,
and which extend the loop 12¢ or 125 of the corre-
sponding bundle. The blade root 10 is completed by
filling elements 17 and 18, which respectively fill the
volumes delimited for the first, 17, between the mutu-
ally opposite convex portions of the loops 124 and 125,
and for the second 18, between, on the one hand, the
branch 15a closest to the trailing edge of the blade root
10 and belonging to the bundle 13a which is itself clos-
est to this trailing edge, and, on the other hand, the
portion situated at said trailing edge of a laminated
covering 19, which envelops the entire blade root 10.

On production of the composite blade, each outer
sleeve 6 is placed in position in a lower or lower surface
half-mold, and then the bundles of rovings 13z and 135
are disposed in this half-mold in such a manner as to
constitute the spar or spars of the blade and the loops
12a and 12b of the blade root 10 which are formed in a
continuous manner about the outer sleeves 6 and filling
cores 14g and 14b previously positioned against the
outer sleeves 6, after having surrounded with a lami-
nated and composite protection 20 the portion of the
cylindrical outer lateral surface 8 of each sleeve 6 ex-
tending between the annular parts of this surface 8
which are directly adjacent the axial ends of the sleeve
6. This protection 20, intended to protect the rovings of
the loop 12a or 12b and the corresponding core 14gq or
14b in relation to the corresponding metallic outer
sleeve 6, is constituted by superposition of some layers
of fabrics of glass fibers or of aramid fibers preimpreg-
nated with a polymerizable agglomeration synthetic
resin, forming an interposed affixing film for the con-
nection of the protection 20 to the sleeve 6. Each filling
core 14a or 14b, as indeed each one of the filling ele-
ments 17 and 18 subsequently disposed in the lower
half-mold, is constituted by a block of synthetic material
 which is light and relatively rigid, such as a hard poly-

urethane foam. Each bundle of rovings 13e¢ and 136

consists of a large number of bands 21 attached to one
another and agglomerated by a polymerizable impreg-
nation synthetic resin, each band 21 itself consisting of a
large number of longitudinal and unidirectional rovings

of glass fibers or of aramid fibers agglomerated side by -

side by the impregnation resin, which reinforces the
film of adhesive formed by the impregnation resin of the
protective fabric 20 (it being possible for the same resin
to be utilized to impregnate these various components),
for the connection to the corresponding core 14a or 145
and to the opposite internal and concave portion on the
corresponding loop 12a or 12b. The laminated and com-
posite covering 19 is of traditional structure: it consists
of a stack of at least one layer, but preferably of two
layers of fabrics of glass fibers, the warp and weft lines
of which are crossed in one layer in relation to the other
and inclined at approximately 45° in relation to the
longitudinal axis or the direction of the leading edge of

the blade, and at least one layer, but preferably two 60
superposed layers of fabrics of carbon fibers, the warp

and weft lines of which are likewise crossed from one
layer to the other and inclined substantiaily at 45° m

relation to the same direction, the various layers of

fabrics all being preimpregnated with polymerizable
agglomeration synthetic resin, which forms a film of
adhesive to ensure the direct connection of the covering
19 against the annular parts of the cylindrical outer
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lateral surface 8 of each sleeve 6 which are adjacent the
axial ends of this sleeve 6, as represented in FIG. 2.

Before the closing of the mold and the polymeriza-
tion, by the closing of an upper or upper surface half-
mold on the lower or lower surface half-mold, and then
placing of the mold in a polymerization furnace, the
inner sleeve 2 of each fastening device is pressed coaxi-
ally into the bore of the corresponding outer sleeve 6,
the frusto-conical inner lateral face 7 of which has been
previously coated with a film of adhesive. Likewise, the
frusto-conical outer lateral surface 5 of the inner sleeve
2 can be coated with a film of adhesive before this press-
ing into the outer sleeve 6. Under the effect of this
pressing of the frusto-conical inner sleeve 2, the slotted
outer sleeve 6 can deform in radial expansion and adapt
itself to various diameters or to inaccurate diameters.
Thus, the outer sleeve 6 can adapt itself to the exact
diameter of the cylindrical recess formed in the com-
posite materials which surround it (loop 12a or 12b of
the bundles, protection 20 and core 14a or 15b). Fur-
thermore, this pressing ensures the affixing of the cylin-
drical outer lateral face 8 of the outer sleeve 6 against
these composite materials which surround 1t with a
good contact pressure, and thus an affixing of excellent
quality. In fact, the affixing is undertaken on the two
interfaces, on the one hand between the composite
structure of the blade root 10 and the cylindrical outer
face 8 of the outer sleeve 6, by the adhesive film formed
of the impregnation resin or resins, the metallic sleeve 8
thus being directly affixed against the composite lami-
nated covering 19 and, by means of the laminated and
composite protection 20, against the corresponding
core 14q or 14b and against the corresponding loop 12a
or 12b, and, on the other hand, between the outer sleeve
8 and the inner sleeve 2, by the adhesive film repre-
sented at 22 in FIG. 2. The axial pressure of pressing the
sleeves 2 and 6, and thus the radial pressures at the
location of the interfaces, are ensured and controlled
during the polymerization and affixing phase; this en-
sures a good pressure on the affixed faces. '

This process of mounting in the composite blade root
10 of a fastening device including two metallic sleeves
for absorbing forces which are pressed and affixed one
in the other, and of which the outer sleeve 8 is affixed
under pressure to the composite materials which sur-
round it, has the advantage of placing the whole of the
zone of a loop 12a or 12b of a bundle of rovings under
prestress, which ensures a mechanical blocking in the
winding of corresponding rovings, and which is at the
same time very beneficial for the fatigue properties of

the fastening thus realized. Furthermore, this prestress
- significantly improves the ageing properties of the affix-

ings.

Tests carried out by applicants have enabled these -
advantageous results to be verified on blades used in .
flight on rotors, and of which the cylindrical sleeves of
the prior art, jarred in their seating, have each been
replaced by a fastening device including two sleeves
such as were described hereinabove.

As represented in FIG. 2, it will be noted that it is
advantageous that the two sleeves 2 and 6 of a fastening
device should have dimensioned in such a manner the
same axial dimension, slightly greater than the thickness
of the blade root 10 in its end part exhibiting the reces-
ses 11a¢ and 115, and that, in their position of appropriate
relative pressing, the plane axial end faces of the two
sleeves are coplanar and project in relation to the oppo-
site faces of the blade root 10 in this same end part
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having the recesses 11a and 11b, in such a manner as to

facilitate advantageously the mounting of the blade root
10 thus equlpped on its support. In FIG. 2, the support
23, which is a metallic or composite hub, or alterna-
tively a component for connection to the hub, such as
an armature or connecting ferrule, is provided with a
radial strap having two branches 24a and 24b disposed
in line one above the other. Where the support 23 is the
hub, the upper branch 24aq and the lower branch 245 of
the strap may be respectively one of a plurality of radial
arms of an upper hub plate and one of a plurality of
radial arms of a lower hub plate. Coaxial cylindrical
passages, which are aligned in the extension of one
another, are formed through the two superposed
branches 24a and 24b of the strap. In each one of these
passages there is mounted a shouldered ring 25a or 255,
the respective shoulder 26a or 265 of which is turned
towards the interior of the strap. The strap thus has two
pairs of aligned and superposed bores, equipped with
shouldered rings. The blade root 10, of which each
recess 11g and 11b is equipped with two pressed and
affixed sleeves, is introduced and centered between the
branches 24a and 24b of the strap, in such a manner that
the coplanar axial end faces of the two sleeves of each
recess 11a and 115 are opposite the shoulders 26a and
26b of the rings 25a and 25b of the pair of corresponding
passages of the branches 24a and 24) of the strap, form-

ing bearing faces against these shoulders 26a and 265 of

the rings. The fixing of the blade root 10 in the strap is
then ensured by the engagement and the bearing, in the

internal bores of the rings 25a and 255 and likewise of

the corresponding inner sleeve 2, of a blade fastening
arbor 27, one end of which is equipped with a head 28
for bearing against the upper face of the upper branch
24a of the strap, and the other end of which, projecting
in relation to the lower face of the lower branch 245 of

the strap, is a threaded end 29 on which a nut 30 is
screwed, in accordance with a traditional mounting.

Thus, the large forces to which the blade is subjected,
notably in longitudinal traction under the effect of cen-
trifugal force, are absorbed by the sleeves 2 and 6, in the
form of radial loads transmitted to each fastening arbor

27 retained on the supporting strap.
It is clear that the fastening device including two
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metallic sleeves for absorbing forces may be utilized not 45
only to equip novel blades, but also for the repair of

rotor blades constructed of composite material already
equipping helicopters currently in service and equipped
with cylindrical metallic fastening sleeves of the prior
art.

We claim:

1. A rotor blade for an aerodyne having an at least
partially rotating wing system, said blade being con-
structed substantially of composite materials and having
a resistant frame which includes at least one spar com-
prising at least one bundle of continuous filaments hav-
ing high mechanical strength, said filaments being se-
lected from the group consisting of inorganic and or-
ganic filaments and being agglomerated by a polymer-
ized synthetic resin, said bundle forming, in a root of
said spar by which said blade is intended to be opera-
tively fastened to a blade-to-hub attachment part, at
least one loop accommodating and integral with an
internal sleeve-fastening device comprising first and
second metallic and coaxial sleeves for absorbing
forces, said sleeves being adapted to be traversed by an
axle for retaining said blade on said blade-to-hub attach-

ment part, wherein
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(a) said first sleeve is an inner sleeve having a frusto-
conical outer lateral face centered on an axis,and a
cylindrical internal bore for passage and engage-
ment of said axle, and coaxial with said frusto-coni-
cal outer lateral face around said axis; and

(b) said second sleeve is an outer sleeve having a

cylindrical outer lateral face centered on said axis,
two plane axial end faces perpendicular to said axis,
and a frusto-conical internal bore extending from
one to the other of said end faces, said bore being
coaxial with said cylindrical outer lateral face and
having a shape complementary to that of said frus-
to-conical outer lateral face of said inner sleeve,
said outer sleeve being provided with a single slot
extending from one to the other of said axial end
faces, said inner sleeve being adapted to be pressed
coaxially into said outer sleeve and made integral
with said outer sleeve in an axial position corre-
Sponding to a predetermined deformation in radial
expansion of said outer sleeve, which is integral by
said cylindrical outer lateral face with said blade
spar root, said cylindrical outer lateral face of said
outer sleeve having a central part extending be-
tween two annular parts of said cylindrical outer
lateral face which annular parts are each adjacent
to a respective one of said axial end faces of said
outer sleeve, and said central part being at least
partially made integral with an opposite part of said
bundle of filaments, in a portion of said bundle
which surrounds said outer sleeve, by means of at
least one protection element affixed to both said
outer sleeve and to said bundle of filaments.

2. Rotor blade according to claim 1, wherein said
inner and outer sleeves of said fastening device are
made integral with one another by affixing said inner
sleeve to said outer sleeve in radial eJ;pansmn with a
film of adhesive.

3. Rotor blade according to claim 1, wherein said
inner sleeve has two plane axial end faces perpendicular
to said axis, said frusto-conical outer lateral face extend-
ing between said end faces, and said inner and outer
sleeves are made integral with one another in a relative
axial position such that said axial end faces of said inner
and outer sleeves are substantially coplanar and project
in relation to opposite faces of said spar root, at the
location of said loop such as to form faces bearing
against assembly pieces on said blade-to-hub attachment

 part.

4. Rotor blade accordmg to claim 1, wherein said
bundle of filaments is formed of a plurality of bands of
unidirectional rovings agglomerated by a polymerized
impregnation synthetic resin, said bands being attached
and agglomerated to one another by said polymerized
impregnation resin simultaneously affixing said attached
and agglomerated bands onto said at least one protec-
tion element in said opposite part of said bundle portion
which surrounds said outer sleeve.

5. Rotor blade according to claim 1, wherein said
central part of cylindrical outer lateral face of said outer
sleeve extending between said two annular parts of said
cylindrical outer lateral face is made. at least partially
integral with a filling core disposed between two
branches of said bundle of filaments forming said loop
and which extend said portion of said bundle surround-
ing said outer sleeve.

6. Rotor blade according to claim 5, wherein said
central part of said cylindrical outer lateral face is made
at least partially integral with said filling core by means
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of said at least one protection element which is affixed
both to said outer sleeve and to said filling core.

7. Rotor blade according to claim 1, wherein said at
least one protection element is annular-and comprises at
least open layer of fabric of high mechanical strength
fibers selected from the group consisting of inorganic
and organic fibers, said at least one layer of fiber fabric
being would around said outer sleeve and agglomerated
by a polymerized impregnation synthetic resin simulta-
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neously affixing said at least one protectton element to
said outer sleeve and to said bundle of filaments.

8. Rotor blade according to claim 1, wherein each
one of said two annular parts of said cylindrical outer
lateral face of said outer sleeve is directly affixed by a
polymerized synthetic resin to a covering surrounding
at least said root of said spar and comprising at least two
layers of fiber fabrics impregnated and agglomerated by

“said polymerized resin, said at least two layers being

crossed with respect to each other and inclined at sub-

stantially 45° to a longitudinal direction of said spar.
X %k 2 %X X
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